10/516432 

[134.1031] 

OTORKMPCOTTO 30NOV20W 

METHOD FOR CONTROLLING A DEVICE FOR TREATING THE HUMAN EYE 

[0001] The present invention relates to a method for controlling a device for the ablation of parts 
of the human eye, in particular the cornea, by means of laser irradiation, the control being 
exercised by an electronic data-processing system which provides data to a device for treating 
the human eye by means of laser irradiation, and a device for treating the human eye by means of 
laser irradiation. 

[0002] In ophthalmic surgery a series of methods are known which make possible, with or 
without additional invasive procedures, an abrasion of parts of the cornea surface to correct sight 
defects. In particular the PRK, LASIK and LASEK methods may be named here. 

[0003] Traditionally, fine tuning of the refractive correction is carried out in the case of sphere 
and cylinder on the basis of subjective phoropter measurements, because the best possible 
standard correction can thereby take place in individually secured manner without taking higher 
aberrations into account. In the meantime, higher aberrations can be subjectively evaluated with 
the help of a so-called phase-plate phoropter which is known for example from DE10103763, or 
adaptive phoropters, and used for refractive correction. 

[0004] A problem when carrying out such treatment procedures is the fact that slight changes in 
the treatment parameters can have a marked effect on the success of the treatment. Reliance is 
usually placed here on the experience of the doctor in attendance, the assumption being that he is 
aware of the significance of the effect of all the parameters. 

[0005] The object of the present invention is therefore to provide a method for controlling a 
device for treating the human eye which provides a simple overview of the effect of all the 
parameters. 

[0006] This problem is solved by a method according to claim 1. It is provided according to the 
invention that once the optical and geometric eye data have been established a graphic simulation 
of the ablation is carried out in the form of a graphic visualization. During the graphic 
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visualization, in particular the pachymetry of the cornea before and after the treatment procedure 
is represented graphically. The optical and geometric eye data are in particular thickness 
(pachymetry) and also the curvature of the cornea (topography). These data can be summarized 
for each eye in a pachymetry map and a topography map. In this way, the doctor in attendance 
can graphically anticipate the result of the treatment procedure and in particular recognize 
problem areas. In addition, problems that can be expected, such as too small a residual thickness 
of the cornea in part areas, can be established by the computer software used and displayed as a 
warning. In particular for the correction of several sight defects, an optimum parameter 
configuration can be discovered with the help of the method according to the invention, for 
example by varying one or more parameters. This makes it possible to optimize the ablation for 
example to a minimum abrasion of the cornea. All the parameters can be entered or 
automatically recorded by means of the computer software which contains all the reciprocal 
relationships and which can thus calculate a correction which takes all the relevant factors into 
account. However the weighting and selection of the parameters is not unequivocal, but 
determined by various patient-specific objectives; e.g. best sight during the day, best sight at 
dusk, smallest corneal abrasion or similar. The computer software preferably includes an 
operating interface with the help of which, using the weighting presented previously, the doctor 
can swiftly arrive at an optimum correction. A mode can also be selected which makes possible a 
manual adjustment of all parameters, e.g. via scroll boxes or similar displayed on the operating 
interface. The effect of the parameter changes is illustrated directly via a graphic simulation of 
the correction. 

[0007] All the treatment parameters that are to be entered manually are preferably entered by 
means of a central input/output device. This can be for example a computer screen connected to 
a keyboard or a so-called touch screen. 

[0008] In a development of the method according to the invention it is provided that the 
establishment of the operating parameters comprises one or more of the following process steps: 
establishment of topography data of the eye; establishment of refraction data of the eye; 
establishment of higher-order aberration data by wave-front measurement; establishment of 
pachymetry data; establishment of the pupillometry of the eye (preferably for various lighting 
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conditions); point-accurate overlaying of all established measurement data in a fixed coordinates 
system of the eye; calculation of height data of the deviations relative to a reference surface; 
calculation of a height data difference relative to the reference surface; calculation of an adapted 
height data difference relative to the reference surface; calculation of ablation coordinates for the 
laser. 

[0009] K values and/or a curvature map and/or a topography map and/or a power map are 
preferably obtained from the topography data. The spherical and/or cylindrical refraction 
correspondingly form part of the data for controlling the ablation device. The reference surface is 
freely selectable as regards the topography data, preferably an ellipsoid, in the case of the 
ellipsoid the reference surface of the refraction data is correspondingly a spheroid. When 
establishing the pupillometry, i.e. in particular the diameter of the pupil, parameters of the 
various lighting conditions are preferably included, as the pupil diameter changes depending on 
the lighting. The deviation of the centre of the pupil can thus shift by up to 0.5 mm under 
different lighting conditions. Additional parameters such as special patient wishes regarding 
visual acuity distribution or similar are included in the adapted height data difference. As a result 
of the overlaying of these measurement data in a fixed coordinates system of the eye, the overall 
correction of the eye can be shown in one representation. 

[0010] In a development of the method according to the invention it is provided that in a further 
intermediate step, height data deviations of the cornea surface relative to a reference surface are 
calculated from the topography and/or refraction data. The height data are stored as a height data 
map of the deviations and can be visualized graphically. 

[0011] In a development of the method according to the invention it is provided that in a further 
intermediate step the tissue to be abraded from the cornea is determined from the height data of 
the deviations of the cornea surface. 

[0012] In a preferred version the device for treating the human eye includes a laser and/or means 
for wave-front measurement. 
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[0013] The problem named at the outset is also solved by a device for treating the human eye by 
means of laser irradiation comprising an apparatus for measuring aberrometry, an apparatus for 
measuring topography, an apparatus for measuring pachymetry, optionally an apparatus for 
measuring pupillometry, an apparatus for point-accurate, centred overlaying of the measurement 
data of all the measuring equipment of a laser unit and also an electronic data-processing 
apparatus which by using a treatment model can link the measurement values and further patient 
data to ablation values. This device preferably also includes an apparatus for measuring the 
pupillometry of the eye, i.e. a pupillometer. The device preferably includes a measuring 
equipment arrangement which allows the measurement of aberrometry, topography, 
pupillometry and pachymetry by means of a fixing, i.e. in a point-accurate reference of the 
measurement data to a centred fixed coordinates system of the eye. For this, the device has a 
combination of the necessary measuring instruments which make possible a measurement of the 
eye to be treated via a common eyepiece or overlay all separate measurement data centred vis-a- 
vis a location-specific coordinates system and display them together in their interaction. This is 
preferably carried out by determining the optical axis or the visual axis of the eye during the 
measurements using each individual measuring apparatus and then using these to display all the 
measurement data point-accurate, centred, overlaid. For this, the application of marks to the eye 
can be envisaged, for example colour dots to which each measuring apparatus or each 
measurement with the individual integrated measuring apparatus can orientate itself and refer. It 
is also possible to use the texture of the iris, in particular the unchangeable areas of the iris, or 
the texture of the veins in the sclera, as fixed parameters during the measurement. The treatment 
model is realized as a software module. By treatment model is meant that the software can 
calculate, on the basis of the measured or manually entered parameters, the ablation for each 
individual point of the cornea surface. A weighting of all the measurement values or parameters 
is carried out by the software. The software thus represents a central recording and evaluation 
tool. The ablation for each point of the cornea surface produces an ablation map, i.e. a "chart" 
with which the surface can be displayed. The device is preferably capable of displaying the 
ablation for each point graphically summarized as an ablation map. 

[0014] The measuring instruments can also be arranged at least partly separately, their 
measurement results having to be imported manually into the device, or connected to the device 
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by means of a data bus such as e.g. a serial cable so that their data can be automatically imported. 

[0015] Advantageous designs of the invention are explained further in the drawings. There is 
shown in: 

[0016] Fig. 1 a flowchart of the method; 

[0017] Fig. 1 shows a flowchart of the method according to the invention. Initially, the optical 
data of the eye are recorded in a first step. For this the topography is initially established in the 
form of K values, a curvature map, a topography map and a power map of the cornea. Pupil data 
and centring data such as the line of view (visual axis of the eye) are also included. 

[0018] In a next step, objective and subjective refraction data, namely the spherical and 
cylindrical refraction of the patient, are established. Objective refraction data are data which are 
established exclusively by measuring with a measuring apparatus. This can be for example by 
means of a refractometer or aberrometer. Subjective refraction data are data which are based on 
the feedback from the patient, who reports whether a potential correction is found to be "better" 
or worse. This is achieved for example by using a phoropter which displays potential correction 
scenarios on which the patient comments. 

[0019] With refractive correction of the cornea based on aberrometric wave-front data it must be 
taken into account that an aberrometer measurement is an objective measuring process. 
However, due to the physiological process of vision, the quality of the individual sight is 
ultimately fixed, not only by the objective optical quality of the optical system, the eye, but 
additionally by the subjectively evaluated visual faculty. 

[0020] With the device according to the invention and the method according to the invention, it 
is provided to also allow, in addition to aberrometry, topography, pachymetry, pupillometry, 
fixing/centring, registration (this is a point-accurate allocation of the measurement data of the 
eye to position the therapeutic correction, e.g. via local marks on the cornea or significant 
structures of the eye such as veins or iris structures) and phoropter, a subjective evaluation of the 
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refraction with the help of a phase-plate or adaptive phoropter and an acuity projector to play a 
part. 

[0021] In a simplified method the subjective evaluation of the higher-order aberrations can be 
excluded, e.g. by means of Zernike polynomials, using the sphere and cylinder values 
determined with a refractometer and/or subjectively evaluated with a phoropter as a base data set 
for the refractive correction. In addition this base data set is supplemented by the objectively 
measured data of higher-order Zernike polynomials which are corrected by the spherical 
equivalent portions from the wave-front data. The higher aberration orders have a particular role 
in the production of aspherical lens profiles or correction profiles. The simplified method 
represented above can also be carried out directly on the basis of height data instead of the wave- 
front/data calculation based on Zernike polynomials. These aberrometer-aided height data are 
customary in the measurement data output of topography equipment and are obtained in 
aberrometers with the help of "zonal reconstruction". Compared with data exchange on the basis 
of Zernike polynomials, they guarantee a higher spatial resolution of the wave front. 
Uncertainties with regard to the correct wave-front reconstruction in polynomial description can 
be largely avoided depending on the resolution of the zonal reconstruction. So-called "repair 
cases" can thus be realized based on a complete data set of the overall optical system. Also on 
the basis of these wave-front height data, it must be taken into account within the framework of 
the described simplified method that in addition to the base data set the wave-front data can also 
be supplemented as equivalent portions without the spherical and cylindrical base portions. 

[0022] In individually optimized treatment based on the method according to the invention, a 
higher quality of the refractive correction of the cornea is achieved in particular by combining 
the produced measurement data of the whole wave front and the topography of the cornea based 
on a polynomial breakdown, e.g. according to Zernike or Taylor and/or the height data. In this 
way, the refractive correction can be designed in consideration of the special characteristics of 
the different optical part-systems of the eye. Particular consideration is given to the cornea which 
delivers the main refracting power of the eye at approx. 80% and simultaneously forms the 
ablation target for refractive laser surgery. Thus in a simplified model the projection effects of 
the ablative laser spot on the spherical surface of the cornea can be taken into account for a 
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radius of approx. 7.8 mm over a keratometric radius measurement of the cornea. A still more 
precise control of the ablation in consideration of the projective fluence variations of the laser 
spot on the cornea is obtained when the topography is taken into account. Thus not only can the 
ablation be controlled by the method according to the invention, in consideration of a 
keratometrically established radius of the cornea in order to balance out the projective fluence 
variations of the laser spot in particular at the margins of the ablation, but the topography data 
which describe the surface more accurately can also be used for this. 

[0023] The higher-order aberrations are objectively established by means of a wave-front 
measurement. Known devices and methods for wave-front measurement can be used for this. 

[0024] In a further step, height data of the deviations of the cornea surface relative to a reference 
surface are calculated from the thus-established refraction or topography data. They are 
established from refraction data, applying the standard algorithms, for example the Munnerlyn 
formulae. A sphere is used as assumed reference surface. 

[0025] In a further step the height data are derived from the topography data. The curvature of 
the reference surface is established using the refraction data. Here too the data are calculated 
using standard algorithms such as Munnerlyn formulae. The K values are also taken into account 
here. An ellipsoid is used as assumed reference surface. 

[0026] In a further step, the refraction data are linked to the data of the wave-front measurement. 
The curvature of the reference surfaces is established using the refractive data. The subjective 
refractions are calculated applying standard algorithms such as the Munnerlyn formulae and 
overlaying the thus-established data with high-order (HO) data. A sphere is used as assumed 
reference surface. 

[0027] In a third step the refraction data are linked to the topography data and the data of the 
wave-front measurement. Here too these values are overlaid with high order data in 
consideration of the K values applying standard algorithms such as the Munnerlyn formulae. An 
ellipsoid is used here as assumed reference surface. The difference in the topography data vis-a- 
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vis the data established with the wave front measurement is problematic. 

[0028] In a further step the height data difference relative to the reference surface is now 
calculated. A chart (data map) is calculated with height data relative to the deviations to the 
reference surface. The height difference relative to the reference surface, and thus the tissue to be 
abraded is given for each point of the cornea surface. 

[0029] When applying the LASIK procedure, the flap thickness, the flap diameter and the 
direction of the fold (hinge side) of the flap are determined. Furthermore, data relating to 
pachymetry, the thickness of the cornea, are included in the form of a pachymetry map. The 
effects of pachymetry on the ablation depth are determined. In addition, further patient data such 
as the age and the cylinder data of the patient are included. Effects on the correction of the 
refraction and correction of the cylinder axis are also calculated from these. 

[0030] Depending on the method to be carried out, for example PRK or LASIK, process-typical 
effects on the nomograms and the refraction are established. 

[0031] In addition certain optimizations are taken into account, e.g. TSA, Night Vision, ASAP 
grade. A reference surfaces fit is brought about in each zone with a Z shifting. 

[0032] With the parameters shown above, patient-adapted (customized) height data differences 
relative to the reference surface are established from the height data difference relative to the 
reference surface. This results in an adapted data map with height data of the deviation relative to 
the reference surface. The ablation algorithms are realized with these data. This produces as a 
result the output of the residual thickness, the ablation volume and the residual defect. 

[0033] In addition to the previously established data the influences of the laser parameters, in 
particular the energy density distribution, the firing frequency, the spot geometry and also the 
resolution accuracy of the scanner are taken into account. In addition the data with regard to 
smoke and thermal problems are incorporated. 
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[0034] In addition, reflection and projection data are established, in particular the change in 
energy density distribution and reflection losses. This yields correction data for the ablation 
target data. 

[0035] Finally, ablation coordinates for the laser are issued, in this case coordination data for 
specific lasers (for example MEL 70). 

[0036] The established and calculated data can be issued on a computer screen in the form of a 
graphic simulation. The simulation displays the cornea to be treated for example in different 
colours or similar in top view or in section so that the doctor in attendance can assess the whole 
procedure in advance. 

[0037] Thus it is possible with this device or the electronic data-processing system which 
consists either of a networked or compact integrated measuring equipment system to record all 
the objective and subjective data of the optical refraction and geometry of the eye is such a way 
that they are stored or displayed overlaid centred and point-accurate in a fixed coordinates 
system of the eye. 
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